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Abstract 
Limited water resources, increased salinity, and lack of food sources in arid areas affect 
livestock productivity. Thus, the production potential of halophytes in saline habitats as an 
alternative source is of particular importance. In addition, forage quality is one of the factors 
determining the nutritional requirements of livestock and subsequently the grazing capacity of 
rangelands, and it needs to be evaluated in line with introducing the halophytes as livestock forage. 
In the present study, the two dominant halophytes, Limonium iranicum and Reaumuria fruticosa, 
were selected in the Bajestan Desrt and forage quality traits were measured at vegetative growth, 
flowering, and seed maturity stages. Forage quality traits including DMD, CP, CF, WSC, ASH, and 
ADF were measured by NIR. Data were analyzed using a factorial experiment in a completely 
randomized design with SAS software. Mean comparisons were conducted using Duncan's Multiple 
Range test. According to the obtained results, forage quality traits showed significant differences at 
three phenological stages (P<0.01). Limonium iranicum showed the highest value of crude protein at 
vegetative growth stage, while for Reaumuria fruticosa, the highest value of CP was recorded at 
flowering and seed maturity stages, indicating a higher forage quality. Our results clearly showed 
that the forage quality of the halophytes studied here differed, depending on species composition 
and growth stage which should be considered for livestock feed management.  
Keywords: Forage quality, halophytes, phenological stages, Limonium iranicum, Reaumuria 
fruticosa   
Introduction 
Due to the population growth, limited water resources, salinity problem, and food shortage in 
arid and semi-arid lands, including Iran, the production potential of halophytes is receiving much 
attention. The executive approach of the strategic plan for strengthening vegetation cover and 
improved environmental conditions in the desert areas emphasizes on project implementation of 
management and reclamation of playa margins and inland lakes with halophytes. Generally, 
halophytes, with relatively high biomass production in saline lands, are able to provide food supply 
or nutritional supplement which help to increase the productivity of livestock under arid and 
semiarid conditions. Understanding of forage quality is of high importance in determining required 
forage for livestock in order to estimate the grazing capacity in range management plans. In addition 
to the forage quantity, the amount of energy or nutrients obtained by livestock at a specified grazing 
period in a given region depends on forage quality. Forage quality differs depending on the species 
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composition and proportion of species in each vegetation type (Arzani, 2009). For range species, 
determining the critical levels of forage quality indices is one of the important matters, of which CP, 
DMD, and metabolizable energy are the most important factors of forage quality. Understandably, if 
the halophytes used as livestock feed have a higher palatability, digestibility, and nutritional value 
(higher protein and less fiber, ash, and oxalate), they will have superior forage quality. Since the 
biomass production, palatability, and nutritional value of halophytes differ from region to region and 
depend on phenological stages therefore, studying the qualitative and quantitative potential of 
halophytes seems to be essential. 
Materials and Methods 
Location of the study area 
Among the saline habitats of Khorasan Razavi Province, the Bajestan Desert was elected. 
The study area is located between latitudes 56˚, 34', 34"-56˚, 56', 34" N and longitudes 57˚, 36', 32"- 
57˚, 56', 20" E, with an altitude of 830 m a.s.l. It includes an area of around 18000 ha (Figure 1).  
 
Figure 1: Location of the study area in Iran 
The characteristics of the study halophytes 
In the current study, two halophytes namely Limonium iranicum and Reaumuria fruticosa 
were selected to study the forage quality traits. The study halophytes are native and perennial 
species, belonging to the Plumbaginaceae  and Tamaricaceae families, respectively. The criteria 
considered to select these species included high production, ability to tolerate a wide range of 
environmental conditions especially salinity, and a wide distribution in the study area. Limonium 
iranicum, a perennial species, which is native to Iran, belongs to the Plumbaginaceae  family and 
grows in the saline lands of desert margins and swamps with high groundwater table (Akhani & 
Ghorbanli, 1992). It is distributed as a dominant vegetation type in the margins of Bajestan salt 
desert (Figure 2). This halophyte is of particular importance in terms of soil conservation and 
livestock grazing which could be taken into consideration in the executive programs of biological 
combating desertification.  
The Reaumuria genus has 46 species. This species belongs to the Tamaricaseae family, 
growing on saline lands and desert areas of the Irano-turanian region (Asadi, 2009). The mentioned 
species is distributed as a dominant vegetation type in the Bajestan Salt Desert and is considered as 
one of the main resources providing forage for light livestock and camels in autumn (Figure 3). The 
vegetative growth of this species starts from March and the flowering stage starts from July and 
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continues to late September. At the same time, seeding stage starts from the end of September and 
lasted until late November when ripe seeds fall.  
  
  Figure 2: Limonium iranicum Figure 3: Reaumuria fruticosa 
Measuring forage quality  
To study the forage quality of two halophytes studied, shoot sampling was performed at three 
phenological stages including vegetative, flowering and seed maturity. Sampling was conducted in 
the key area of each vegetation type and for each sample, 10 species were randomly cut by a clipper 
at three replications. The samples were placed in bags for each stage. It should be noted that for 
having a sufficient amount of sample, it was tried to collect at least 300 grams of sample in the 
paper bags. The samples were air dried for 2-3 weeks and then placed in the oven for 24 hours at 70 
° C. Afterward, samples were powdered using an electric mill and passed through a 1-mm sieve. 
Forage quality traits including DMD, WSC, CP, CF, Ash, and ADF were measured by NIR 
spectroscopy at three phenological stages (vegetative, flowering, and seeding stages) in the Research 
Institute of Forests and Rangelands. In addition, ME was calculated by the following equation: 
Equation (1): ME= (0.17*DMD-2) 
Data were analyzed in a factorial experiment based on a completely randomized design with 
three replications using SAS software to study the effects and interactions between species and 
phenological stages. Mean comparisons were performed by Duncan's multiple range test. In 
addition, to compare the forage quality of halophytes studied at different phenological stages, a non-
paired t test was applied. 
Analysis of variance of forage quality data 
According to the analysis of variance of data, the study species, phonological stages, and 
their interactions (species*stage) showed significant differences for all forage quality traits at 1% 
level of probability. ANOVA results of the factors affecting the forage quality of two halophytes are 
presented in table 1. 
Table 1: ANOVA results of the factors affecting the forage quality of two halophytes 
 ** Amount of statistical F is significant under 1% probability level    
Source of Variation      Statistical F   
 DF DMD CP CF WSC ASH ADF ME 
Species 1 341.9** 12.20** 62.32** 100.5** 231.7** 287.2** 341.9** 
Growth stage 1 30.61** 90.49** 51.28** 51.63** 108.8** 36.3** 30.6** 
G. stage  *  Species 2 57.85** 12.12** 46.35** 109.4** 48.6** 78.3** 57.9** 
CV 2 3.99 10.22 2.43 5.8 3.11 4.13 5.21 
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Mean comparisons of simple effects of species  
According to the results of mean comparisons by Duncan's test, DMD differed significantly 
between the halophytes studied, so that it was calculated to be 59.4% and 41.8% for L.iranicum and 
R.fruticosa, respectively. In addition, significant differences were recorded for CP, CF and ME in 
favor of L.iranicum and the values of the mentioned forage quality traits were 10.99%, 37.8% and 
8.09 MJ kg-1 for L.iranicum and 9.28%, 34.54%, and 5.10 MJ kg-1 for R.fruticosa. However, for 
WSC, Ash, and ADF significant differences were recorded in favor of R.fruticosa, so that the values 
of the mentioned forage quality traits were 15.42%, 6.66%, and 52.72% for R.fruticosa and 11.69%, 
5.32%, and 37.77% for L.iranicum. The results of mean comparisons for the forage quality traits are 
presented in Table 2. Overall, L.iranicum has a better forage quality as compared with R.fruticosa. 
Table 2: Mean comparisons of forage quality traits for the study halophytes 
Forage quality index Species 
DMD CP CF WSC ASH ADF ME  
Limonium iranicum 
Reaumuria fruticosa 
59.4a 10.99 a 37.8 a 11.69 b 5.32 b 37.77 b 8.09a 
41.8 b 9.28 b 34.54 b 15.42 a 6.66 a 52.72 a 5.10b 
Mean comparisons of interaction effects of species and growth stage 
Mean comparisons of interaction effects of species and growth stage, performed by 
LSmeans, showed that, depending on species and growth stage, there were significant differences 
among the forage quality traits (Table 3). Accordingly, the highest value of DMD was recorded for 
L.iranicum at vegetative growth stage (61.63%) and the lowest was recorded for R.fruticosa at 
flowering (49.58%) and seed maturity (46.25%) stages. In R.fruticosa, the highest and lowest values 
of CP (14.95% and 4.13%) were recorded at vegetative and seed maturity stages, respectively. The 
highest values of CF were recorded for L.iranicum at flowering (40.29%) and seeding (39.95%) 
stages and the lowest was recorded for R.fruticosa at flowering stage (31.72%). In R.fruticosa, the 
highest values of WSC were recorded at flowering (19.02%) and seeding (18.35%) stages, while the 
lowest was obtained at vegetative growth stage (8.88%). The highest values of Ash were recorded 
for R.fruticosa, obtained in the vegetative (6.96%) and flowering (7.26%) stages, while the lowest 
was recorded for L.iranicum at flowering (4.78%) and seeding (4.6%) stages. The highest and 
lowest values of ADF were recorded for R.fruticosa (65.77%) and L.iranicum (35.29%) at 
vegetative growth stage, respectively. Moreover, the highest and lowest values of ME were obtained 
for L.iranicum (8.48 Mj kg-1) and R.fruticosa (3.02 Mj kg1) at vegetative stage, respectively. 
According to the obtained results, L.iranicum, with high levels of positive forage quality traits 
including DMD, CP, WSC, and ME and lower values of negative forage quality traits like ADF and 
Ash, showed a better forage quality as compared with R.fruticosa. However, grazing at the 
beginning of the growing season prevents the proliferation and regeneration of this species.  
Table 3: Mean comparisons of interaction effects of species and growth stage 
Forage quality index Growth 
stages 
Species 
DMD CP CF WSC ASH ADF ME 
61.63a 13.31ab 33.19cd 12.91b 6.59b 35.29d 8.48a Vegetative Limonium iranicum 
59.39ab 11.62b 40.29a 10.97c 4.78d 39.21cd 8.09ab Flowering 
57.21b 8.04c 39.95a 11.21c 4.6d 38.82c 7.73b Seeding 
29.50d 14.95a 34.22c 8.88d 6.69a 65.77a 3.02d Vegetative Reaumuria fruticosa 
49.58c 8.76c 31.72d 19.02a 7.26a 45.11b 6.43c Flowering 
46.25c 4.13d 37.70b 18.35a 5.77c 47.27b 5.86c Seeding 
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Therefore, grazing and exploitation of this species must be done in autumn; however, this 
time coincides with seeding stage in which the values of ADF and CF are increased. Similarly, in 
R.fruticosa, with regard to the increased values of positive forage quality traits especially WSC at 
flowering and seeding stages, DMD, and consequently ME, the grazing of this species had better be 
in autumn after flowering and seeding stages. Also, with regard to the delayed phase of phenological 
stages of the study species, the grazing of L.iranicum in the autumn starts earlier in comparison with 
R.fruticosa. 
Comparison of nutritional value of halophytes at phenological stages 
a. Vegetative stage 
According to the results of unpaired t-test for L. iranicum and R. fruticosa at vegetative 
stage, significant differences were found for DMD, ADF and ME (P<0.01) and WSC (P<0.05) 
between the study species, while there were no significant differences for CP, CF and Ash. The 
results of unpaired t-test for the nutritional value of the study halophytes at vegetative stage are 
presented in Table 4.  
Table 4: Unpaired t-test of the forage quality traits at vegetative stage 
Pr>t T Value L. iranicum R. fruticosa Factor 
0.008** 11.34 61.63 29.50 DMD 
0.16ns 2.2 13.31 14.95 CP 
0.35ns 1.2 33.19 34.33 CF 
0.03* 5.8 12.91 8.88 WSC 
0.30ns 1.4 6.59 6.69 ASH 
0.001** 25.7 35.29 65.77 ADF 
0.008** 11.3 8.48 3.02 ME 
b. Flowering stage 
According to the results of unpaired t-test for L. iranicum and R. fruticosa at flowering stage, 
significant differences were found for CF, WSC, Ash (P<0.01) and DMD, ADF, and ME (P<0.05) 
between the study species, while there were no significant differences for CP. The results of 
unpaired t-test for the nutritional value of the study halophytes at flowering stage are presented in 
Table 5. 
Table 5: Unpaired t-test of the forage quality traits at flowering stage 
Pr>t T Value L. iranicum R. fruticosa Factor 
0.02* 7.11 59.40 49.58 DMD 
0.08ns 3.38 11.62 8.77 CP 
0.009** 10.58 40.29 31.72 CF 
0.0004** 51.2 10.97 19.02 WSC 
0.0006** 41.7 4.79 7.26 ASH 
0.047* 4.43 39.21 45.11 ADF 
0.02* 7.11 8.10 6.43 ME 
c. Seeding stage 
According to the results of unpaired t-test for L. iranicum and R. fruticosa at seeding stage, 
significant differences were found for DMD, Ash and ME (P<0.01), and CP, WSC, and ADF 
(P<0.05) between the study species, while there were no significant differences for CF. The results 
of unpaired t-test for the nutritional value of the study halophytes at seeding stage are presented in 
Table 6. 
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Table 6: Unpaired t-test of the forage quality traits at seeding stage 
Pr>t T Value L. iranicum R. fruticosa Factor 
0.0037** 16.3 57.21 46.25 DMD 
0.028* 5.76 8.04 4.13 CP 
.0059ns 3.92 39.96 37.70 CF 
0.026* 6.0 11.21 18.35 WSC 
0.0039** 15.8 4.6 5.77 ASH 
0.019* 7.06 38.82 47.27 ADF 
0.0037** 16.3 7.73 5.86 ME 
Discussion and Conclusion 
Generally, results of this study indicated that most positive forage quality traits of the study 
species decreased with the advancement of phenological stages (from vegetative to seeding). 
However, the percentage of fiber in the study halophytes increased with the completion of growth 
stage due to the increased structural carbohydrates. Arzani & et al., (2013) demonstrated a direct 
relationship between forage digestibility and cell wall characteristics as the chemical structure of the 
cell wall changes with the growth stage. Dry matter digestibility of L. iranicum was maximum in the 
vegetative stage and then at flowering and seeding stages decreased with a gentle slope. However, 
the DMD of R. fruticosa showed an additive trend from vegetative to flowering stages and then, 
until seeding stage, it decreased with a mild slope. To explain the reason of these changes, it can be 
said that with phenological changes, the plant tissue becomes hard and fibrous, and DMD decreases 
with the emergence of flowers. On the contrary, in R. fruticosa, DMD increases until flowering 
stage due to the form and dimensions of leaves and juicy fruits. The crude protein content in both 
species showed a decreasing trend from vegetative to seeding stage. Although when seeds are 
mature an increased protein content is expected but for reasons such as seed fall in both species as 
well as small seed size, especially in L. iranicum, the protein content decreases. This result is in 
agreement with the findings reported by Abarsaji & et al., (2009) and Sanjari & et al. 
(2013).Therefore, supplementary feeding with other range forages and or hand feeding are 
recommended to offset the critical level of CP required by the livestock grazing these two 
halophytes. This result corresponds with Heady's expression (1994), believing that the cell solutions, 
CP and phosphorous content are the highest at active growth stage and then reduce with the 
emergence of dormancy. This decreasing trend is due to the movement of food from leaves and 
stems to the crown and roots at the advent of dormancy. 
The lowest fiber content was obtained at vegetative stage for both halophytes, indicating a 
higher digestibility; however, with the advancement of phenological stages, the fiber content in L. 
iranicum showed an increasing trend until flowering stage, and then remained constant until seeding 
stage. In R. fruticosa, the fiber content showed a relatively constant trend until flowering stage and 
then increased until seeding stage. This indicates that, at vegetative stage, the content of lignin, 
cellulose and raw fibers are low but with plant aging crude fiber and lignin content increases. Our 
results are in agreement with the findings reported by Arzani et al., (2001), Arzani et al., (2004), 
Amiri & Rasoli (2012). The WSC content of the study halophytes showed significant differences at 
vegetative stage (p<0.01) and flowering stage (p<0.05). In other words, at vegetative stage, the WSC 
content in L. iranicum was higher than that of R. fruticosa; however, at flowering and seeding 
stages, the WSC content was higher in R. fruticosa, indicating a higher forage quality at the end of 
growing season as compared with L. iranicum. Therefore, it was observed that forage quality was 
reduced with the advancement of phenological stages due to the increased structural carbohydrates. 
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This finding is consistent with the results of Hoffman & et al., (2003), and  Le Houérou (1994).At 
vegetative stage, the value of ADF in L. iranicum was much less than that of R. fruticosa, and then 
at flowering stage, it increased with a mild slope and remained constant until seeding stage. 
However, in R. fruticosa, the increasing trend of ADF occurred after flowering with the start of 
seeding stage. That is why the forage quality of R. fruticosa at the end of the growing season and the 
start of the grazing season is better than that of L. iranicum. Actually, there is an inverse relationship 
between ADF and DMD. Thus, R. fruticosa at flowering and seeding stages had the lowest 
percentage of ADF (maximum digestibility), indicating less fiber content, and higher digestibility 
for livestock. The change trend of ME was quite against the ADF change trend. In L. iranicum, ME 
decreased from vegetative to seeding stage with a constant trend; however, in R. fruticosa, the value 
of ME at vegetative stage was low and then increased until flowering stage, and became relatively 
constant at seeding stage.  The values of ME recorded for L. iranicum (8.48, 8.09, and 7.73 mkkg-1 
at vegetative, flowering and seeding stages, respectively), clearly showed that this species could 
provide the critical level of energy required by livestock. However, according to the values of ME 
recorded for R. fruticosa (3.02, 6.43, and 5.86 Mjkg-1, at vegetative, flowering and seeding stages, 
respectively), this species could not provide the critical level of energy required by livestock and 
supplementary feeding is required. This result is in accordance with the findings of Arzani et al., 
(2009). No significant differences were found for ash content between the study species at 
vegetative stage while significant differences were found at flowering and seeding stages (P<0.01). 
In both species, the ash content showed a decreasing trend from vegetative to seeding stage, 
consistent with the findings of Jafari & et al. (2008).Halophytes regularly contain high levels of 
nitrogen and ash and low energy. Therefore, the highest value of halophytes is revealed when 
drought occurs in the rangelands of the study area and other foods are scarce and expensive. 
Generally, it could be mentioned that L.iranicum is capable of providing daily protein and 
metabolizable energy required by the dominant livestock grazing on saline rangelands of the study 
area, especially at vegetative stage. However, at flowering and seeding stages supplementary 
feeding is necessary because of the increased cellulosic fibers. On the contrary, in terms of positive 
forage quality traits, R.fruticosa is capable of grazing and providing livestock maintenance 
requirements at flowering and seeding stages, especially if it is grazed before seed fall. Arzani and 
Amiri (2009), emphasizing on the critical level of CP (7%), concluded that the study rangelands 
could provide the daily livestock requirement since the amount of CP was calculated to be 10.56% 
and 7.67% at vegetative and flowering stages, respectively.  However, the amount of CP at seeding 
stage was not enough (6.34%, less than 7%). Therefore, the use of protein supplements was 
recommended at this stage of livestock grazing. Our results clearly show that spring and autumn are 
the best grazing time at the saline habitats whose dominant vegetation is L.iranicum and R.fruticosa. 
It is worth mentioning that since the halophytes from different plant families, especially 
Chenopodiceae, form the dominant vegetation composition in saline habitats, the amount of crude 
protein of the vegetation is high, while metabolizable energy is low; therefore supplementary 
livestock feeding is recommended. 
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